Introduction
The 13C Suess effect in the atmosphere, oceans, and land biosphere has recently been much discussed because observation of this effect has implications for the estimation of the uptake of anthropogenic CO2 by the oceans. The •3C Suess effect refers to the reduction in •513C in a reservoir due to the uptake of CO2 produced by combustion of fossil fuel and from land clearing [Keeling, 1979] . Fossil fuel CO2 is depleted in •3C due to fracrionation in its formation through photosynthesis. The oceanic uptake is open to question because the budget for CO2 does not quite balance: when the input of fossil fuel CO2 is added to an estimate of the input of CO2 from land clearing and regrowth, the result is larger than the observed change in atmospheric storage and model calculated oceanic uptake. This so-called "missing CO2" is about 1.4 _+ 1.5 GtC yr -1 [Houghton et al., 1995] . There are at least two possible explanations: (1) the estimated oceanic uptake is too small, and/or (2) carbon is being stored in the biosphere because of fertilization due to increased atmospheric CO2 and/or increased available nitrogen from anthropogenic sources.
An advantage in inferring the oceanic aptake of CO2 from the Suess effect in the oceans is that the time dependence of the atmospheric input •513C signal is more similar to that of fossil For the three-dimensional model, we adopt a carbon cycle model based on the circulation field from an oceanic general circulation model (OGCM). With this model, we predict, to a first approximation, the Suess effect in the global surface ocean.
For the one-dimensional model, we use the box diffusion model [Oeschger et al., 1975] , in which transport is parameterized by an eddy diffusivity, K, which specifies the transfer of both isotopes of CO2 from the surface water to deeper water.
We will examine how CO2 uptake and the surface water Suess effect vary with K, and find the value of K and range of uncertainty consistent with the observed õ13C time series data. The box diffusion model employed here does not include the ocean carbonate cycle, rivedfie inputs, or the effect of the ocean biota. These effects are shown by TBK and HMR to have relatively small influence on the estimate of CO2 uptake by the three methods previously discussed, and they can be included at a later time, if found to contribute measurably to the result. The magnitude of the error plotted for each point is calculated from the reduced chisquared of the fit, as is also the error on the slope given above. These errors thus include natural variability as well as sampling and analysis error. They are much larger than the sampling and analysis error alone, which is ordinarily only about 0.0147oo for each daily average, since flask averages at two depths were combined to form the daily average. The analysis and sampling error bars would extend only a little further than the plotting symbol. trying to understand why this procedure seems to work so weii, and attempting to improve it, we repeat this analysis in a way that can be extended to the data for all seasons.
Extracting the •3C
We first fit a Reinsch-type spline [Reinsch, 1967] The difference is apparently due to a "pioneer" effect during early years [Siegenthaler et al., 1978; Bacastow and Keeling, 1981] and to recent carbon storage in the land biota. Both of these effects are forced by the deconvolution mode. In the deconvolution mode, the model land biota is a source to the atmosphere until about 1936, and in the absence of fossil fuel input, the atmospheric CO2 concentration would be declining during the 1983-1995 period. Also, during this period, the land biota is taking up an annual average of about 1.2 GtC. Both effects cause the atmospheric CO2 concentration to increase more slowly in the deconvolution mode than in the forward run with no land biota, and, consequently, the oceans take up less CO2.
We assume here that the variation of the surface ocean Suess effect about its areal average is correct even if the CO2 uptake per year is not exactly correct. This assumption seems plausible; the modeled CO2 uptake depends on deep water formation, which is very sensitive to the modeling of heat fluxes at high latitudes 
